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METHOD AND APPARATUS FOR A 
DEMAND MANAGEMENT MONITORING 

SYSTEM 

RELATED APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 13/193,910, filed Jul. 29, 2011, which claims 
priority to U.S. Provisional Application Ser. No. 61/369,045, 
filed Jul. 29, 2010. 

BACKGROUND 

Increased demand on the electric distribution grid 
increases the need for more careful management of system 
Voltage, especially with regards to peak demand. Over a 24 
hour period, the peak power consumed may be much higher 
than the average power. Since transformers, wire, and other 
infrastructure may be sized for the highest power, not the 
average power, increases in peak demand require equipment 
capable of handling that peak demand, Such as larger trans 
formers and so on. Conversely, reducing the peak demand 
allows utilities to postpone the upsizing of infrastructure in 
the face of rising total demand. Utilities may purchase power 
at much higher rates during times of peak demand, due to 
typical contract agreements. Reducing power consumption 
during times of peak demand may have larger financial 
benefit than reducing consumption at other times. Flattening 
the demand curve may have multiple benefits for utilities, 
and may reduce the need for extra generation as loading 
increases. 
One technique for reducing demand is Conservation Volt 

age Regulation (CVR). With CVR, the distribution system 
Voltage is reduced during times of peak demand. Resistive 
loads may consume less power when the Voltage is reduced. 
Power consumption may be proportional to the square of the 
Voltage for many loads, so a 1% reduction in Voltage can 
produce a larger than 1% change in power consumption. 
Reductions of between 2% and 10% of total power have 
been achieved with CVR techniques. 

To implement CVR, utilities may need much finer control 
over the distribution system Voltage, and the Voltage deliv 
ered to customers. To accomplish this, devices may be 
required both to adjust and measure the distribution line 
Voltage at many strategic locations. Voltage measurements 
may be required for two reasons. First, actual Voltage levels 
may be needed as part of a closed-loop feedback system, so 
a centralized Demand Management System can make deci 
sions about how to adjust voltage regulators and other 
management devices. These voltage readings may typically 
be used in conjunction with system models and historical 
patterns, and after Suitable calculations, commands may be 
sent to Voltage regulators, capacitor banks, and so on. 
Second, Voltage measurements may be needed to insure that 
regulatory Voltage limits are not crossed. For example, as 
part of a CVR system, the voltage is typically lowered 
during times of peak demand, leaving much less safety 
margin. Regulatory limits dictate how low a Voltage is 
allowed, and monitoring may be required to insure that these 
limits are met. These limits are applied at the point of 
delivery to customers, which may typically be the service 
entrance or revenue meter location. 

Traditional sensors may be too slow for real-time systems, 
for example, those based on slow power line carrier systems, 
or many Automated Meter Reading (AMR) systems, or too 
bulky and expensive for widespread or residential deploy 
ment. Existing cellular radio solutions may not be practical 
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2 
for use in residential locations, due to the size and obtru 
siveness of the hardware. In addition, existing systems have 
limited, or no, provision for storing and analyzing historical 
Voltage data. 

SUMMARY 

In various embodiments, a system, method, and apparatus 
are provided for demand management monitoring in a power 
distribution system. 

In one embodiment, a demand management monitoring 
system includes a remote measurement device where the 
remote measurement device includes a microprocessor con 
figured to calculate RMS voltage data from digital samples 
and a wireless communications device, and a server system 
which includes a database configured to store the RMS 
Voltage data from the remote measurement device. 

Additional features and advantages are described herein, 
and will be apparent from, the following Detailed Descrip 
tion and the figures. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 depicts an exemplary overview diagram of system 
for demand management monitoring in a power distribution 
system; 

FIG. 2 depicts exemplary diagram of system for demand 
management monitoring in a power distribution system 
including multiple remote measurement devices; 

FIG. 3 depicts an exemplary diagram of a remote mea 
Surement device; 

FIG. 4 depicts an exemplary diagram of a server system; 
FIG. 5 depicts an exemplary web front end; 
FIG. 6 depicts an exemplary procedure for operating a 

remote measurement device; 
FIG. 7 depicts an exemplary procedure for receiving data 

from a remote measurement device at a server system; 
FIG. 8 depicts an exemplary procedure for operating a 

web server on the server system; and 
FIG. 9 depicts an exemplary procedure for operating an 

external interface on the server system. 

DETAILED DESCRIPTION 

In various embodiments as illustrated in FIGS. 1-9, a 
remote measurement device measures Voltage levels and 
ancillary data at a location in a power distribution system 
and transmits the data to a server system to be stored in a 
database and made accessible through a web front end and 
an external interface. 

FIG. 1 depicts an exemplary overview diagram of system 
for demand management monitoring in a power distribution 
system. The system may include a remote measurement 
device 101 and a server system 107. The remote measure 
ment device 101 may be installed in a power distribution 
system, and may receive voltage from a powerline 103 
through a Voltage input 102. The remote measurement 
device 101 may use a wireless communications device 104 
to communicate, using wireless signals 105, with the server 
system 107, through a network 106. The network 106 may 
be, for example, the Internet. A computing device 108 and 
an external utility system 109 may access the server system 
107, for example, through the network 106. 

FIG. 2 depicts exemplary diagram of system for demand 
management monitoring in a power distribution system 
including multiple remote measurement devices. Multiple 
remote measurement devices 101 may be installed at stra 
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tegic locations in a power distribution system. The server 
system 107 may receive data from, and send data to, any of 
the remote measurement devices 101. Data received from 
the remote measurement devices 101, Such as, for example, 
Voltage readings, including RMS voltage, may be stored by 
the server system 107, for example, in a database. 

FIG. 3 depicts an exemplary diagram of a remote mea 
surement device. The remote measurement device 101 may 
include the voltage input 102 for the powerline 103, a 
Voltage reducer 301, a signal conditioning circuit 302, an 
Analog to Digital (A/D) convertor 303, a microprocessor 
304, a wireless communications device 104, and a low 
power wireless communications device 306. The remote 
measurement device 101 may be contained in a small size 
and form factor, Such as, for example, in a standard meter 
base adapter. This may allow the remote measurement 
device 101 to be placed between a residential meter base and 
revenue meter, without installing a large amount of hard 
ware. Installing the remote measurement device 101 in a 
revenue meter may make it easier to perform Voltage mea 
Surements required to ensure compliance with regulatory 
Voltage limits, as the Voltage drop in the service drop from 
the pole to the meter base must be included in the measure 
mentS. 

The voltage reducer 301 may be any suitable device for 
reducing the voltage received by the voltage input 102 from 
the powerline 103. For example, the voltage reducer 301 
may be a resistive divider circuit. The signal conditioning 
circuit 302 may be any suitable device for conditioning the 
reduced voltage signal from the voltage reducer 301. For 
example, the voltage reducer 301 may be a low-pass filter. 
The A/D convertor 303 may be any suitable device for 

digitizing an analog signal. The A/D converter 303 may 
receive the Voltage signal and convert the Voltage signal into 
a digital signal including digital samples, using any Suitable 
sample rate. The digital signal from the A/D converter 303 
may be sent to the microprocessor 304. 
The microprocessor 304 may be any suitable device for 

performing computation on received data. For example, the 
microprocessor 304 may be a low-voltage CPU, an FPGA, 
a DSP or any other high-speed programmable logic device. 
The microprocessor 304 may read A/D values from the 
digital signal, and compute RMS voltage from the raw data. 
The microprocessor 304 may also be capable of capable of 
direct waveform sampling, enabling the computation of 
harmonics, waveform capture, flicker, and other PQ metrics. 

Alternatively, the remote measurement device 101 may 
use an energy monitoring integrated circuit (IC), which may 
be used generally in revenue metering applications. The 
RMS voltage may be read directly from the energy moni 
toring IC. 

The wireless communications device 104 may be any 
Suitable device for wireless communication and data trans 
mission, including, for example, a digital cellular modem or 
a Wi-Fi device using any suitable wireless protocol. The 
wireless communications device 104 may be connected to 
the microprocessor 304, and may send data to and receive 
data from the server system 107, through, for example, the 
network 106. The microprocessor 304 may be a separate 
processor from the wireless communications device 104, or 
the microprocessor 104 may be embedded in the wireless 
communications device 104 and act as both a processor for 
the wireless communications device 104 and an RMS pro 
cessor, reading Voltage data directly. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
The remote measurement device 101 may also include 

hardware capable of current measurements, such as, for 
example, Rogowski coil transducers with hardware or soft 
ware integration. 
The low power wireless communications device 306 may 

be any suitable device for wireless communication and data 
transmission, including, for example, RF, Wi-Fi or Blu 
etooth devices. The low power wireless communications 
306 may wirelessly communication with various external 
sensors 305, using, for example, a low power wireless 
protocol. The low power wireless communications device 
306 may be part of, or separate from, the wireless commu 
nications device 104. 
The external sensors 305 may be any suitable devices for 

measuring various environmental qualities that may be 
correlated to power consumption. The external sensors may 
be located remotely from the remote measurement device 
101, and may measure, for example, temperature, humidity, 
pressure, wind speed, wind direction, and Solar load. The 
external sensors 305 may be battery powered, or may use 
energy harvesting methods for power. In addition to envi 
ronmental measurements, the external sensors 305 may 
perform additional Voltage and current measurements of 
other electrical nodes. Data gathered by the external sensors 
305 may be transmitted to the remote measurement device 
101 through wireless signals 307 received by the low power 
wireless communications device 306. 
The remote measurement device 101 may connect to the 

server system 107 at power up. At periodic intervals, the 
remote measurement device 101 may send status messages 
to the server system 107. At other intervals, the remote 
measurement device 101 may send stripchart interval data 
for various measured quantities, such as, for example, RMS 
Voltage over a certain averaging period, to the server system 
107. The measurements may be checked, for example, every 
second, for alarm or event conditions. If the remote mea 
surement device 101 detects an alarm or event condition, an 
alarm or event notification may be sent to the server system 
107. Alarm conditions may be based on crossing high or low 
Voltage thresholds, including effects of hysteresis and mini 
mum period past threshold. Events that trigger an event 
notification may include loss of power, loss of cellular 
signal, and so on. Optionally, the remote measurement 
device 101 may enter a “burst mode”, where fast real-time 
updates may be sent for a preprogrammed amount of time. 
The remote measurement device 101 may be able to syn 
chronize with a time server, such as those hosted by NIST. 
The remote measurement device 101 may be capable of 

3-phase measurements. In this case, the remote measure 
ment device 101 may include three voltage inputs 102 and, 
optionally, three current inputs. The compression scheme 
used by the remote measurement device 101 when trans 
mitting RMS voltage and other data may take advantage of 
correlations among the Voltage and current channels. The 
remote measurement device 101 may also measure power 
and other parameters derived from Voltage and current 
readings, and use further correlations among these readers 
when compressing the data. 
The server system 107 may group three individual single 

phase, i.e., one channel, remote measurement devices 101. 
This logical grouping of three of the remote measurement 
devices 101 may be used to emulate a 3-phase remote 
measurement device 101. The individual RMS voltage data 
from the three remote measurement devices 101 may be 
used to compute 3-phase Voltage unbalance, and other 
3-phase parameters, for storage in the database 401. The 
three remote measurement devices 101 may be installed on 
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separate phases, but on the same distribution circuit, so they 
are electrically “close together. 

FIG. 4 depicts an exemplary diagram of a server system. 
The server system 107 may be any suitable combination of 
hardware and Software, and may include a database 401, a 
listening process 402, a dataset preprocessor 403, an alarm 
process 404, an email and SMS alert process 405, a web 
server 406, an external interface 407, and a dataset process 
408. For example the server system 107 may be a combi 
nation of specialized server computing hardware and soft 
ware. The server system 107 may be connected to the 
network 106, which may be, for example, the Internet. 
The database 401 may be any suitable combination of 

hardware and Software for implementing a database. The 
database 401 may be implemented on the same hardware as 
the rest of the server system 107, or may be implemented on 
separate hardware connected to the server system 107. The 
database 401 may store the data sent to the server system 
107 from the remote measurement devices 101. The data 
may be stored database 401 in chunks, which may be, for 
example, 240 to 1800 data points long. The data may be 
chunked in the remote measurement device 101, for 
example, by the microprocessor 304, and received and 
stored in the database 401 with that chunk size, or a process 
on the server system 107, for example, the dataset prepro 
cessor 403, may accumulate incoming data, and resize the 
chunks to the desired chunk size. Chunking the incoming 
data from the remote measurement devices 101 may allow 
for increased database performance by avoiding performing 
an insert operation on the database 401 for each received 
data point. The chunks may be stored with a timestamp and 
chunk length. 
The database 401 may also store the data as decimated 

stripchart data. For example, if a graph of one years worth 
of stripchart data, including one-second averages, is desired, 
a large number of points may be returned: 86400x365–31 
million points. If this is graphed on a normal sized display, 
Such as, for example, a 1024 pixel wide graph, each pixel 
column in the x-axis may have over 30,000 points, and thus 
each point may not be visible. Instead of returning all 31 
million points, it may suffice to just return two sets of 
reduced-resolution traces. In this case, a decimation factor of 
4096 may be used, resulting in two traces of 7500 points. 
Each of those “points' may cover 4096 actual stripchart 
points. One trace may be a time series of the maximum 
values of each set of 4096 points, and one trace may be the 
minimum values. These two traces may be sent to the 
requesting application, and graphed. The graph may be 
rendered by drawing a line from the 1st points maximum 
value, to that points minimum value, then to the next points 
maximum value, at most one pixel over on the X-axis, and 
so on. This graph would may be visually identical to 
graphing the original 31 million point dataset, and may still 
show the absolute maximum and minimum values, no 
matter how far out the graph is Zoomed. If a user Zooms in 
on the graph, a new decimated Stripchart may be returned. If 
the requested points are Small enough, a different decimation 
level may be used, or none at all. 
One decimation strategy may be, for example, to use 

factors of 16. The raw chunked data may be stored normally 
in the database 401. The data may then be decimated by a 
factor of 16, and the maximum/minimum values may be 
stored. For example, for every 16 points in a chunk, a 
maximum value and minimum value may be stored. These 
values may also be stored in chunks in the database 401. The 
decimated data may then be further decimated by a factor of 
16, and so on. For example, as many as 8 levels of 16x 
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6 
decimation may be required. When a stripchart request is 
received, a start time and end time may be received. A 
process on the server system 107, such as, for example, the 
dataset process 408, may compute the appropriate decima 
tion level such that a suitable number of points are returned. 
The number of points returned may be large enough so that 
the graph of maximum/minimum values may be visually 
identical to the full dataset plot, but no larger, which may 
minimize the amount of data transferred. 
The decimated Stripcharts may be computed as the data is 

received by the server system 107, for example, by the 
dataset preprocessor 403, and then sent to the database 401 
in real-time, or an offline batch process may retrieve the raw 
data from the database 401, decimate it, and store it back in 
the database 401. Alternatively, the data may be stored in the 
database 401 without decimation, and decimation may per 
formed as necessary when data is requested from the data 
base 401. This may allow the sending of the smaller sets of 
data provided by decimation, without having to maintain a 
decimated database 401. 

Usage logs may be kept, which may be used to identify 
which graphs and reports are most likely to be accessed. 
Graphs and reports identified as likely to be accessed later 
may be pre-rendered by an offline batch processor. 
The listening process 402 may be any Suitable combina 

tion of hardware and software. Such as, for example, back 
end Software running on a general purpose CPU in the server 
system 107. The listening process 402 may receive the data 
sent from the remote measurement devices 101, and may 
parse the incoming data packets and, if necessary, decom 
press stripchart and other data. The listening process 402 
may pass the incoming data to the dataset preprocessor 403 
and the alarm process 404. 
The dataset preprocessor 403 may be any suitable com 

bination of hardware and software. The dataset preprocessor 
403 may receive data from the listening process 402, and 
may perform point chunking, and decimation, as described 
above, and may insert the data into the database 401 in any 
Suitable manner. For example, data may be inserted into the 
database 401 directly after being processed through the 
dataset preprocessor 403, or raw and decimated stripchart 
buffers may be kept in memory, and when the desired chunk 
size reached, written to the database 401. 
The alarm process 404 may be any suitable combination 

of hardware and Software for detecting alarm conditions, and 
may be separate from the database 401, or may be imple 
mented within the database 401 using database triggers and 
stored procedures. The alarm process 404 may receive raw 
data from the listening process 402, and may parse the data 
looking for alarm and event messages from the remote 
measurement devices 101. If the alarm process 404 finds an 
alarm trigger condition in the data, the database 401 may be 
queried for what action to take. The alarm process 404 may 
also cache the alarm status of each remote measurement 
device 101, the latest status values, and the latest real-time 
analog readings. These cached values may be used to feed 
the web server 406, to avoid excessive queries to the 
database 401. 
The email and SMS alert process 405 may be any suitable 

combination of hardware and Software for transmitting alert 
communications from the server system 107. The email and 
SMS alert process may be triggered by the alarm process 
404, and may optionally include querying the database 401 
to determine the correct distribution list for a specific alarm 
condition. The email and SMS alert process 405 may send 
out alerts, for example, using email and SMS messages, 
when notified of an alarm condition or event message by the 
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alarm process 404. Email alerts may be formatted, and may 
include text or graphical data displays, and URLs which load 
web content. 

The dataset process 408 may be any suitable combination 
of hardware and Software for retrieving and processing data 
from the database 401. When a stripchart request is received 
from, for example, the web server 406, the dataset process 
408 may query the database 401 for the necessary chunks 
needed to build the desired stripchart data. The dataset 
process 408 may retrieve the chunks, and reconstruct the 
data for the desired interval using the chunked data. The 
dataset process 408 may also be used to generate reports and 
graphs using the retrieved data. 
The web server 406 may be any suitable combination of 

hardware and software for hosting a web page. The web 
server 406 may host a web front-end, such as, for example, 
a web page accessible through the Internet, which may act 
as a user interface for the demand management monitoring 
system. The web server 406 may be accessible over the 
network 106 to any suitable computing device 108, such as, 
for example, a personal computer or Smartphone. The web 
server 406 may be able retrieve data as necessary from the 
database 401, for example, using the dataset process 408, 
and may be able to communicate with the remote measure 
ment devices 101, allowing the remote measurement devices 
101 to be controlled through the computing device 108. 

FIG. 5 depicts an exemplary web front-end. The web 
front-end may be a web page 502, displayed in a web 
browser window 501. The web browser window 501 may be 
part of any suitable web browsing software. The web page 
502 may include a map 503, with markers, such as, for 
example, the marker 505, locating the remote measurement 
devices 101. Information about the remote measurement 
devices 101, Such as, for example, current alarm status, 
serial number, name, current readings, and current environ 
mental measurements, may be displayed using graphical 
icons and indicators on the web page 502, for example, in 
information sidebar 504. Information may also be displayed 
in any other Suitable manner, for example, in a pop-up 
window or on a separate Screen after selecting the marker 
505 for one of the remote measurement devices 101 on the 
map 503. The information displayed and the manner in 
which the information is displayed may be settable by users, 
with the specific parameters pulled from the database 401. 
For example, clicking on the marker 505 may pop up a 
display window showing real time readings. The user may 
click to start “burst mode”, which may causes the web server 
406 to send a request to the remote measurement device 101 
to start sending real-time updates. In this mode, the web 
page 502 may display continuous real-time readings, while 
burst mode lasts. 

The locations of the remote measurement devices 101 
may be entered manually, for example, by dragging the 
markers 505 on the map 503, acquired from an on-board 
GPS, or computed from cell tower location information 
gathered from the remote measurement devices 101. 
The map 503 may also be integrated with other geo 

graphic information or overlays. This may include weather 
or environmental overlays, such as, for example, tempera 
ture, humidity, and so on, acquired from the remote mea 
surement devices 101 or from other weather sources, GIS 
asset data from electric utilities, such as, for example, pole 
locations, Substation locations, and so on, or any other 
suitable overlays. These overlays may be configured by the 
USC. 

The web page 502 may be used to request the generation 
of reports, such as, for example, basic HTML reports. Using 
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8 
the web page 502, the user may request a report, which may 
cause the web server 406 to invoke a process on the server 
system 107, such as, for example, the dataset process 408, 
which may query the database 401 for the values needed for 
the specific report, render it in HTML, and display the report 
to the user on the web page 502. Optionally, the report may 
be rendered as a PDF, Excel spreadsheet, or any other 
suitable format. The look and feel of the report may be 
customized, for example, with a company logo, header, 
footer, and so on, by the user. Users may also create reports 
by writing suitable code, with knowledge of the database 
schema used by the database 401. Reports may also be 
created with a graphical wizard or a drag and drop Scheme. 

Graphs of any time series data in the database 401 may be 
displayed on the web page 502. A process on the server 
system 107, such as, for example, the dataset process 408, 
may be invoked by, for example, an AJAX call, and may 
access the stripchart data, including dechunking and appro 
priate decimation, from the database 401 and return the data 
as a JSON object to the web browser 501. Javascript code in 
the web browser 501 may then render the graph on a canvas 
object for display on the web page 502. Flash, JAVA, or PC 
client code implementations may also be used. 

Graphs may be customized, including customized trace 
colors and properties, annotations, markers, and so on. 
Stripchart information from one of the remote measurement 
devices 101 can be added or removed from the graph 
dynamically, for example, by dragging the marker 505 for 
the remote measurement device 101 from the map to the 
graph, or by dragging a trace for the remote measurement 
device 101 back off the graph. A custom view or annotated 
graph may be saved in the database 401 for later recall, or 
saved as a URL which may be bookmarked, or sent to other 
USCS. 

The external interface 407 may be any suitable combina 
tion of hardware and software for interfacing with the 
external utility systems 109. For example, the external 
interface 407 may include a DNP3 interface to an electric 
utility SCADA system. The external interface 407 may act 
as a DNP3 gateway, and may respond to DNP3 polls and 
requests by returned the appropriate data from the database 
401, duplicating the responses the remote measurement 
devices 101 would have sent if the remote measurement 
devices 101 implemented the DNP3 protocol. If an alarm or 
event is received from the remote measurement devices 101 
by the server system 107, a corresponding unsolicited mes 
sage may be sent through the external interface 107 to the 
external utility system 109, for example, using DNP3 to 
send a message to a SCADA system. The external interface 
107 may emulate the performance of a system where the 
remote measurement devices 101 had direct links to the 
external utility system 109, such as, for example, DNP3 
links directly to a SCADA system. 

Alternatively, the remote measurement device 101 may 
interface directly with the external utility system 109, for 
example, using DNP3 or any other suitable protocol, while 
simultaneously interfacing with the server system 107. The 
remote measurement device 101 may send compressed 
block data to the server system 107, and also send telemetry 
data to the external utility system 109, for example, through 
the SCADA system, as requested by the SCADA master 
controller. The remote measurement device 101 may be able 
to send alerts and alarm conditions through either interface. 
The remote measurement device 101 may also only interface 
with the external utility system 109, and there may be no 
server system 107. 
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FIG. 6 depicts an exemplary procedure for operating a 
remote measurement device. In block 601, a line voltage 
may be received from a powerline. For example, the pow 
erline 103 may be connected to the voltage input 102 of the 
remote measurement device 101. 

In block 602, the voltage of the line voltage may be 
reduced. For example, the front end device 101 may have a 
Voltage reducer 301, Such as a transformer or a pulse 
withstanding divider resistor, connected to the Voltage input 
102. The line Voltage may pass through the Voltage reducer 
301 and end up with a reduced voltage. 

In block 603, the line voltage may be subject to signal 
conditioning. After being reduced in Voltage, the line Voltage 
may be conditioned in any suitable manner by the signal 
conditioning circuit 302. For example, the line Voltage may 
be run through a low-pass filter. 

In block 604, the line voltage may be converted into 
digital samples. For example, the remote measurement 
device 101 may have the A/D converter 303 connected to the 
signal conditioning circuit 302. After the voltage of the line 
Voltage has been reduced and conditioned, the line Voltage 
may be digitized by the A/D converter 303 and output as a 
digital signal with digital samples. 

In block 605, the RMS voltage of the line voltage may be 
calculated based on the digital samples of the line Voltage. 
For example, after the A/D convertor 303 converts the line 
Voltage to digital sample, the digital samples may be fed into 
the microprocessor 304. The microprocessor 304 may use 
any suitable algorithm for calculating RMS voltage based on 
the digital samples. The microprocessor 304 may also 
receive other data, for example, from the external sensors 
305, which may be used in the calculation of RMS voltage, 
or may be packaged along with the RMS voltage data for 
transmission to the server system 107. Alert or event mes 
sages may also be generated by the microprocessor 304, as 
appropriate, and sent along with the RMS voltage and other 
data. 

In block 606, the RMS voltage and other data may be 
transmitted to a server system. For example, the micropro 
cessor 304 may send the RMS voltage and other data to the 
wireless communications device 104. The wireless commu 
nications device 104 may communicate with the network 
106 with wireless signal 105. The RMS voltage and other 
data may be routed through the network 106 to the server 
system 107, where the data may be received by, for example, 
the listening process 402. The RMS voltage and other data 
may be compressed, and may be sent using a low data rate 
telemetry plan. For example, the RMS voltage and other 
data may be compressed a compression rate of up to 30:1 
using differential and arithmetic compression techniques. 
The compression algorithm and chunk size of the data may 
be adjustable, in order to allow for fine-tuning of the system 
to keep the data transfer as Small as possible. 

FIG. 7 depicts an exemplary procedure for receiving data 
from a remote measurement device at a server system. In 
block 701, data from a remote measurement device may be 
received. For example, data, including RMS voltage and 
other data, sent from the remote measurement device 101 
may be routed through the network 106 to the server system 
107. The listening process 402 may receive the data. 

In block 702, the data may be checked for alarm and event 
messages. For example, the listening process 402 may send 
the data to the alarm process 404, and the alarm process 404 
may determine if the data includes any alarm or event 
messages. 
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In block 703, if an alert or event message is detected in the 

data, flow proceeds to block 704, otherwise flow proceeds to 
block 705. 

In block 704, an alert may be sent out. For example, if the 
alarm process 404 determines that the data includes an alert 
or event message, the alarm process 404 may trigger the 
email and SMS alert process 405, which may transmit an 
alert. The alert may be transmitted by email, SMS, or using 
any other Suitable manner of communication. The email and 
SMS alert process 405 may check the database 401 to 
determine what kind of message to transmit based on the 
alert or event message that was found in the data. 

In block 705, the data may be preprocessed. For example, 
the listening process 402 may send the data to the dataset 
preprocessor 403, where the data may be decimated and 
chunked, as described above. Any other preprocessing may 
also be preformed. Such as, for example, correlating the 
RMS voltage data with the other data, including, for 
example, data from the external sensors 305. 

In block 706, the data may be inserted a database. For 
example, after the data has been preprocessed by the dataset 
preprocessor 403, the processed data may be inserted in the 
database 401 for long term storage and retrieval. 

FIG. 8 depicts an exemplary procedure for operating a 
web server on the server system. In block 801, a web server 
on a server system may receive a request from a computing 
device. For example, a user using the computing device 108 
may use the web browser 501 to navigate to the web page 
502, which may display the map 503 and data on the remote 
measurement devices 101. The request from the computing 
device 108 for the web page 502 and the data displayed on 
the web page 502 may be transmitted through the network 
106 to the server system 107, where the web server 406 may 
receive the request. 

In block 802, data may be retrieved from a database in 
response to the request for data. For example, the web server 
406 may invoke the dataset process 408, which may retrieve 
the requested data from the database 401. 

In block 803, the data may be processed. For example, the 
dataset process 408 may process the data, for example, by 
decimating data that has not already been decimated, and 
converting the data into a report or graph Suitable for display 
on the web page 502. The web server 407 may also process 
the data, for example, correlating the data with the marker 
505 for the appropriate remote measurement device 101 on 
the map 503. 

In block 804, the data may be displayed on the web page. 
For example, the data may be displayed on the web page 502 
in the web browser 503, so that the user may view and 
interact with the data on the computing device 108. Dis 
playing the data may include displaying the map 502, 
displaying the information sidebar 504, displaying the data 
in pop-up windows, or in graph or report form. 

FIG. 9 depicts an exemplary procedure for operating an 
external interface on the server system. In block 901, an 
external interface on a server system may receive a request 
from an external utility system. For example, the external 
utility system 109 may request data from the remote mea 
surement devices 101. The request may be routed through 
the network 106 to the server system 107, where it may be 
received by the external interface 407. 

In block 902, the requested data may be retrieved. For 
example, the external interface 407 may retrieve the data 
requested by the external utility system 109 from the data 
base 401. The external interface 407 may not process the 
data, so that the data will appear to the external utility system 
109 as if it came directly from the remote measurement 
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devices 101, instead of from the server system 107, render 
ing the server system 107 transparent to the external utility 
system 109. 

In block 903, the data may be sent to the external 
interface. For example, the external interface 407 may 
transmit the data retrieved from the database 401 to the 
external utility system 109. The data may appear to the 
external utility system 109 to have been transmitted directly 
from the remote measurement devices 101. 
As used herein, a “computer or “computer system” may 

be, for example and without limitation, either alone or in 
combination, a personal computer (PC), server-based com 
puter, main frame, server, microcomputer, minicomputer, 
laptop, personal data assistant (PDA), cellular phone, pager, 
processor, including wireless and/or wire line varieties 
thereof, and/or any other computerized device capable of 
configuration for receiving, storing and/or processing data 
for standalone application and/or over a networked medium 
or media. Examples of communication media that can be 
employed include, without limitation, wireless data net 
works, wire line networks, and/or a variety of networked 
media. 

Computers and computer systems described herein may 
include operatively associated computer-readable media 
Such as memory for storing software applications used in 
obtaining, processing, storing and/or communicating data. It 
can be appreciated that such memory can be internal, 
external, remote or local with respect to its operatively 
associated computer or computer system. Memory may also 
include any means for storing software or other instructions 
including, for example and without limitation, a hard disk, 
an optical disk, floppy disk, DVD, compact disc, memory 
stick, ROM (read only memory), RAM (random access 
memory), PROM (programmable ROM), EEPROM (ex 
tended erasable PROM), and/or other like computer-read 
able media. 

In general, computer-readable media may include any 
medium capable of being a carrier for an electronic signal 
representative of data stored, communicated or processed in 
accordance with embodiments of the present invention. 
Where applicable, method steps described herein may be 
embodied or executed as instructions stored on a computer 
readable medium or media. 

It is to be understood that the figures and descriptions of 
the present invention have been simplified to illustrate 
elements that are relevant for a clear understanding of the 
present invention, while eliminating, for purposes of clarity, 
other elements. Those of ordinary skill in the art will 
recognize, however, that these and other elements may be 
desirable. However, because such elements are well known 
in the art, and because they do not facilitate a better 
understanding of the present invention, a discussion of Such 
elements is not provided herein. It should be appreciated that 
the figures are presented for illustrative purposes and not as 
construction drawings. Omitted details and modifications or 
alternative embodiments are within the purview of persons 
of ordinary skill in the art. 

It can be appreciated that, in certain aspects of the present 
invention, a single component may be replaced by multiple 
components, and multiple components may be replaced by 
a single component, to provide an element or structure or to 
perform a given function or functions. Except where Such 
substitution would not be operative to practice certain 
embodiments of the present invention, Such substitution is 
considered within the scope of the present invention. 
The examples presented herein are intended to illustrate 

potential and specific implementations of the present inven 
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12 
tion. It can be appreciated that the examples are intended 
primarily for purposes of illustration of the invention for 
those skilled in the art. The diagrams depicted herein are 
provided by way of example. There may be variations to 
these diagrams or the operations described herein without 
departing from the spirit of the invention. For instance, in 
certain cases, method steps or operations may be performed 
or executed in differing order, or operations may be added, 
deleted or modified. 

Furthermore, whereas particular embodiments of the 
invention have been described herein for the purpose of 
illustrating the invention and not for the purpose of limiting 
the same, it will be appreciated by those of ordinary skill in 
the art that numerous variations of the details, materials and 
arrangement of elements, steps, structures, and/or parts may 
be made within the principle and scope of the invention 
without departing from the invention as described in the 
following claims. 
The invention is claimed as follows: 
1. An apparatus for a demand management monitoring 

system comprising: 
at least one remote measurement device, the remote 

measurement device comprising a microprocessor con 
figured to calculate RMS voltage data from digital 
samples, and 

a wireless communications device for transmitting the 
RMS voltage data to a server system for display on a 
dynamic web page in at least one of a map format, a 
graph format, or a tabular data format, 

wherein the wireless communications device is config 
ured to transmit the RMS voltage data to the server 
system for display on the dynamic web page in the map 
format, wherein the map format comprises at least one 
marker indicating a location of the at least one remote 
measurement device. 

2. The apparatus of claim 1, wherein the remote measure 
ment device further comprises: 

a Voltage input configured to receive a line Voltage from 
a powerline; 

a Voltage reducer configured to reduce a Voltage of the 
line Voltage; and 

an analog to digital (A/D) converter configured to convert 
the line Voltage to the digital samples. 

3. The apparatus of claim 2, wherein the voltage reducer 
comprises a transformer. 

4. The apparatus of claim 2, wherein the Voltage reducer 
comprises a pulse-withstanding divider resistor network. 

5. The apparatus of claim 1, wherein the remote measure 
ment device further comprises a low power wireless com 
munications device configured to receive data from external 
SSOS. 

6. The apparatus of claim 2, wherein the remote measure 
ment device further comprises a signal conditioning circuit 
configured to receive the line Voltage from the Voltage 
reducer and condition the line Voltage. 

7. The apparatus of claim 1, wherein the remote measure 
ment device is contained in a standard meter base adapter. 

8. The apparatus of claim 1, wherein the wireless com 
munication device is adapted to communicate directly with 
an external utility system. 

9. The apparatus of claim 8, where in the external utility 
system is a SCADA system using at least one of a DNP3 
interface, IEC 61850 interface, and another standard 
SCADA protocol interface. 

10. The apparatus of claim 1, wherein the wireless com 
munications device is configured to transmit the RMS 
Voltage data to the server system in real time for display on 
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the dynamic web page in response to receiving a request for 
real-time updates from the server system. 

11. An apparatus for a demand management monitoring 
system comprising: 

a server system comprising a database configured to store 
the RMS voltage data from at least one remote mea 
Surement device, 

a listening process configured to receive data comprising 
the RMS voltage data and other data from the at least 
one remote measurement device through a network, 
and 

a web server configured to display the RMS voltage data 
and the other data on a dynamic web page in at least one 
of a map format, a graph format, or a tabular data 
format, 

wherein the listening process is configured to receive the 
RMS voltage data into the web server for display on the 
dynamic web page in the map format, wherein the map 
format comprises at least one marker indicating a 
location of the at least one remote measurement device. 

12. The apparatus of claim 11, wherein the server system 
further comprises: 

a dataset preprocessor configured to decimate and chunk 
the RMS voltage data. 

13. The apparatus of claim 11, wherein the server system 
further comprises: 

an alarm process configured to search the other data for 
alert and event messages. 

14. The apparatus of claim 11, wherein the server system 
further comprises: 

an email and SMS alert process configured to distribute 
email and SMS alerts based on the alert and event 
messages in the other data. 

15. The apparatus of claim 11, wherein the server system 
further comprises: 

a dataset process configured to access the RMS voltage 
data and other data in the database and prepare the 
RMS voltage data and other data for display on the 
dynamic web page. 

16. The apparatus of claim 11, wherein the server system 
further comprises: 

an external interface configured to access the RMS volt 
age data and other data in the database and transmit the 
RMS voltage data and other data to a requesting 
external utility system. 
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17. The apparatus of claim 11, wherein the other data 

includes environmental data. 
18. A method for a remote measurement device in a 

demand management monitoring system comprising: 
receiving a line Voltage; 
reducing a Voltage of the line Voltage; 
calculating an RMS voltage of the line Voltage; and 
transmitting the RMS voltage to a server system config 

ured to display the RMS voltage on a dynamic web 
page in at least one of a map format, a graph format, or 
a tabular data format, 

wherein the remote measurement device transmits the 
RMS voltage data to the server system for display on 
the dynamic web page in the map format, wherein the 
map format comprises at least one marker indicating a 
location of the remote measurement device. 

19. The method of claim 18, further comprising: condi 
tioning the line Voltage. 

20. The method of claim 18, further comprising: 
receiving environmental data from at least one external 

sensor, and 
transmitting the environmental data. 
21. The method of claim 18, further comprising: 
detecting an event or alarm condition; and 
transmitting an alarm or event message. 
22. The method of claim 18, wherein the RMS voltage is 

transmitted to an external utility system. 
23. A method implemented by a server system in a 

demand management monitoring system comprising: 
receiving data comprising RMS voltage data; 
checking the data for alarm or event messages; 
inserting the data into a database implemented on hard 
ware of the server system; and 

displaying the RMS voltage data and the other data on a 
dynamic web page in at least one of a map format, a 
graph format, or a tabular data format, 

wherein the server system is configured to receive the 
RMS voltage data for display on the dynamic web page 
in the map format, wherein the map format comprises 
at least one marker indicating a location of at least one 
remote measurement device. 
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